Mistranslating tRNAs alter the Heat Shock Activation by Hsf1
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ABSTRACT
Translation, or the production of protein from an mRNA blueprint, is among
the most fundamental processes to life as we know it. tRNAs are essential
to accurate translation, as they decode the codons of mRNA and recruit
corresponding amino acids. Variant tRNAs with anticodon mutations can
decrease translational fidelity by recruiting the incorrect amino acid, an
aberrant process known as mistranslation. When proteins are produced
with incorrect amino acid sequences, they may misfold. The heat shock
response functions to alleviate cellular stress caused by misfolded proteins,
either by refolding or targeting misfolded proteins for degradation. Hsf1 acts
as a transcriptional regulator of the heat shock response in cells, and is
therefore essential for the tolerance of misfolded proteins. We use
molecular tools to simultaneously induce mistranslation and dysregulate the
heat shock response through the expression of mistranslating serine tRNA
variants1 and functional variants of Hsf12, respectively. Together, these tools
allow us to investigate the complex relationship between mistranslation and
the heat shock response. My research suggests that, while the heat shock
response is important for tolerance of mistranslation, high levels of the heat
shock response are maladaptive.

MISTRANSLATING tRNAS INDUCE THE HEAT SHOCK RESPONSE IN AN HSF1
DEPENDENT MANNER

RATIONALE & HYPOTHESIS

Fig 9. Western blot used to measure protein abundance. The strains were incubated at
25°C or at 42°C (heat shock) for 1h, then they were lysed to extract the total protein.
Lysates were then blotted onto a membrane and proteins were visualized using an antibody.
Fig 7. Flow cytometry used to measure the heat shock response induction. The strains were
incubated at 25°C or at 42°C (heat shock) for 1h, and then the induced HSE-YFP signal
was measured for 90,000 cells per replicate.

A
Fig 4. Hsf1 dysregulation prevents tolerance of mistranslation in cells.

DYSREGULATION OF HSF1 EXACERBATES GROWTH
DEFECT ASSOCIATED WITH MISTRANSLATION.

tRNA VARIANTS INDUCE MISTRANSLATION

Fig 5. Spotting assay used to measure cell toxicity in Hsf1 variant strains expressing
mistranslating tRNAs.

Fig 10. Abundance of Heat shock protein 104 (Hsp104) and GFP extracted from Hsf1
variant strains expressing vector control, wild-type tRNASer, or mistranslating tRNASer under
heat shock conditions (1h) and no heat shock (0h). Data shows one replicate.

•

Fig 1. tRNA variants induce mistranslation during protein synthesis. tRNASerUGG variants
induce proline to serine (P>S) mistranslation at varying frequencies, leading to cytotoxicity.

B

HSF1 VARIANTS MODULATE THE HEAT
SHOCK RESPONSE

Fig 2. Hsf1 variants (Wild-type, ∆C, ∆N) and their modulation of the heat shock response.
Fig 6. Spotting assay of Hsf1 variant strains expressing vector control, wild-type tRNASer, or
mistranslating tRNASer. The strains were grown at 30°C (no heat shock), or 37°C (mild
heat stress) overnight. Data shows means of three replicates (+/- standard error).

•
•
•
Fig 3. Hsf1 variants HSE-YFP signal induction under 3h heat shock at 42°C.

∆N and ∆C strains have reduced growth compared to WT
when grown at 30°C (no heat shock), and 37°C (mild
heat stress) overnight.
P>S strong mistranslating tRNA induces the strongest
growth defect in all 3 variants of the Hsf1 protein at
30°C (no heat shock), and 37°C (mild heat stress).
Despite inducing a strong constitutive heat shock, the ∆N
strain does not rescue the growth defect associated with
mistranslation.

Fig 8. Flow cytometry of Hsf1 variants with control, wild-type, and mistranslating tRNAs
under heat shock conditions (1h) and no heat shock (0h). A. Frequency plot indicating the
distribution of heat shock response induction of the total population of cells. B. The mean
relative heat shock response induction of Hsf1 variant strains expressing mistranslating
tRNA variants. Data shows means of three replicates (+/- standard error).

•

∆N has a strong constitutive heat shock response
induction when compared to WT; Conversely, ∆C has an
inhibited heat shock response induction compared to WT.

•

WT and ∆N induce a higher amplitude heat shock
response in P>S strong than the control, WT tSer, and
P>S weak.

•

P>S strong is unable to induce a heat shock response in
the ∆C strain, indicating that Hsf1 activity is required for
heat shock response induction by mistranslation.

More data is needed quantify the Western Blots for
verification the flow cytometry data.

DISCUSSION & FUTURE WORKS
My findings show a strong genetic interaction between mistranslating
tRNAs and functional variants of Hsf1. As expected, expression of the P>S
strong mistranslating tRNA is the most toxic for yeast cells (Fig. 6), and
thereby induces a stronger heat shock response (Fig 8, Fig 10).
Surprisingly, an increase in the heat shock response through the ∆N Hsf1
allele did not alleviate the toxicity of P>S strong. Furthermore, we show that
heat shock response induction of P>S strong relies on a functional Hsf1
allele. In order to build on these findings, we will validate our flow cytometry
findings using alternative methods, such as reverse transcription qualitative
PCR. Future studies should explore other kinds of mistranslation and how
mistranslation interacts with other cellular stress response pathways, such
as the Unfolded Protein Response and the General Stress Response.
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